Three full-scale composite joint subassemblages, representing parts of the six-story prototype test structure, were built and tested cyclically under a program of controlled displacements.
INTRODUCTION
The overall plan of the Steel Structure Phase of the U.S. -Japan Cooperative Research Program Utilizing Large-Size Testing Facilities (Foutch, et al. 1987 , Roeder, et al. 1987 included the testing of structural members, joints, subassemblages as well as reduced-scale building models.
Three full-size beam-to-column joint subassemblages, which were replicas of parts of the six-story prototype structure, were tested under cyclic loading in the Fritz Engineering Laboratory· of Lehigh University.
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The beams in two of the specimens were connected to the column flanges and the web panels of the joints were unreinforced for shear.
In the third specimen, the column was oriented for weak-axis bending and a full moment-' resisting web connection was provided.
All the specimens had a steel deck supported concrete slab acting compositely with the beam.
A major goal of the tests was to develop information which could be used in study of the lateral drift characteristics of multistory steel structures.
The drift characteristics represent the fundamental knowledge required in a seismic response analysis and are influenced by stiffness properties of the structural elements. Figure 1 shows the components of the total drift of a beam-to-column joint subassemblage. The total drift ~t can be separated into three components: column component, beam component and panel zone component ~t = ~c + ~ + ~p (1) in which ~c is the drift caused by the bending and shear deformation of the columns, ~b the drift caused by the deformation of the beams and ~p the drift caused by panel zone deformation.
In order to properly evaluate the stiffness and drift characteristics of a building structure, it is necessary to develop a full understanding of the behavior of the structural components and to establish analytical models to represent the behavior. The three specimens included in this study were so selected that the relative importance of the three drift components may be systematically examined.
DESCRIPTION OF TEST SPECIMENS
Three joint subassemblages were selected from the third floor (level z 4 ) of the prototype structure, where the preliminary design studies The height of the columns of the test specimens was 3.4 m., which was the story height of the prototype structure. This selection was made by assuming that the points of contraflexure occurred at the mid-heights of the adjacent stories. The length of beams was 2.3 m., measured from the point of load application to the center line of the column. This length was chosen , 1978) . Two stub beams were attached to the column at the joint in the transverse direction to simulate the transverse girders in the prototype. They were extended to the edges of the slab and connected to the column web by bolting (shear connection).
To develop the composite action between the beam and the slab, two 130 mm long and 22.0 mm (7/8 in.) diameter headed shear studs were welded through the metal deck to the beam flange in each rib. All the other properties of the prototype joints were closely duplicated in the test specimens.
TEST SETUP AND PROCEDURE
The basic setup included of a test frame and a loading system (Fig. 5) .
The test frame, consisting of beams, columns and diagonal braces, was designed to be sufficiently stiff to minimize the lateral movement of the upper hinge support. The lower hinge support was fastened directly to the test floor.
• A vertical displacement-controlled load was applied by a mechanical jack at each end of the beam. The jack was mounted on the pedestal and was connected to the beam through a load cell.
The maximum stroke of the jack was 300 mm in each direction and the capacity was 200 kN. beginning, increments of !J.y/5 were used with 3 cycles at each increment.
After the first 15 cycles, the displacement was then incremented in steps of !J.y· This procedure was repeated until failure occurred. For IJ-FC, the same displacement was applied at the ends of both beams.
The instrumentation of the specimens was designed to determine the applied loads, to check the reactions at the supports, and to measure the deformation and internal stresses of the specimens. Figure 7 shows the instrumentation of EJ-FC. The applied displacements were controlled by a dial gage, and the corresponding loads were measured by the load cell. Dial gages were installed at the four corners of the panel zone to measure vertical and horizontal displacements of those points. These readings were used to study the shear deformation of the panel zone. Strain gages were placed on the beams and columns. Readings from the strain gages mounted on the column flanges were used to determine shear forces in the columns, which were the horizontal reactions at the hinge supports.
The beam was gaged at section's between shear connectors. Two electrical clip gages and four electrical rotational gages were attached to measure the relative slip between the concrete slab and steel beam and the rotation of the beam, respectively. Also, a mechanical rotational gage was welded to the end of the beam to measure the rotation at that point.
A B&F data acquisition system was used to collect the data from the electrical instruments. The data were then recorded on paper tapes of a teletype machine and transferred to the mini-computer, MINC, for processing and plotting.
SPECIMEN BEHAVIOR AND TEST RESULTS
The test results of the three specimens are presented as the load- This specimen demonstrated deformation characteristics of a composite joint in that (1) there were remarkable increases 'in stiffness and strength due to composite action when subjected to positive loading, (2) the hysteresis loops were very stable but with noticeable pinching due to opening and closing of the concrete cracks, and (3) good ductility existed even after complete crushing of the concrete.
For this test, in order to simulate the bending and shear conditions existing in a typical interior joint subjected to earthquake loading, the controlled displacements were imposed in opposite directions at the tips of the beams. The amplitudes of the two displacements were always the same and, therefore, the difference in the applied loads P 1 and P 2 , reflected the different stiff properties of the composite beam under positive and negative moments.
A total of 37 cycles, the first 15 being nominally elastic cycles, were applied to the specimen in a manner similar to that for EJ-FC. * Beam bending theory including shear deformation is valid.
* Shear force is resisted only by the web of steel beam.
* Concrete tensile strength is negligible.
* No strain-hardening occurs.
(2) Panel Zone
* *
Krawinkler's trilinear model is used (Krawinkler, et al. 1971 ).
Panel zone is bounded by Dc x ~· where Dc is the column depth measured between its flange centerlines and ~ the steel beam depth measured between its flange centerlines when joint is subjected to negative moment and increased as shown in Fig. 15 when subjected to positive moment.
* Distribution of shear stress in the column web depth is uniform.
* von Mises yield criterion is valid.
(3) Column * Beam bending theory including shear deformation is used.
* Axial stress is negligibly small.
The no strain-hardening assumption for the beams and columns made above results in perfect plastic hinge formations at their critical locations. (duPlessis and Daniels, 1972). These discrepancies may be explained as follows:
* The bolted web connection was designed for the total shear force under combined gravity and earthquake loading. 
Ductility:
The composite panel zones in the test specimens showed very ductile behavior, much like the panel zones in steel joints, (Naka, et al. 1967 , Krawinkler, et al. 1971 , Lu, et al. 1985 . Ductility ratios, Y/Y Y' of more than 30 were observed in the tests before the composite beam failed by fracture.
Energy Dissipation Capacity: One of the important considerations in evaluation of the performance of a structure subjected to severe earthquake motions is its energy dissipation capacity. This capacity is generally displacement dependent and serves as an indication of the structure's ability to dissipate energy through inelastic deformation. The dissipated energy per displacement cycle u 0 is determined as the area under the loaddisplacement diagram. Figure 19 shows the dissipated energy of specimens EJ-FC and EJ-WC calculated from the test results. The energy per cycle is separated into two parts, u 0 + for positive loading and u 0 -for negative loading. It is evident that the increase in energy dissipation capacity due to composite action is small and that EJ-WC, because of early flange buckling and fracture, dissipated less energy than EJ-FC.
The latter has also been observed in the earlier tests on steel beam-to-column connections (Popov and Pinkney, 1969) .
CONCLUSIONS
The following conclusions may be drawn from the results presented; they are applicable to composite joint subassemblages with dimensions, member sizes and fabrication details similar to those of the test specimens. 
The bolted web connections in EJ-FC and IJ-FC were found to be insufficient to resist the shear force present in the joint when it was subjected to the maximum positive bending moment. This indicates that if the increase in the positive moment capacity due to composite action is to be utilized in design, care is necessary to insure that the web connection has adequate strength to resist the accompanying shear.
(9) Because of the pinched character of the hysteresis curves of joints subjected to positive loading, it has been shown that there is only a small increase in energy dissipation capacity due to composite action.
(10) In moment-resisting frames designed according to the weak-beam and strong-column concept, it may be beneficial to allow limited yielding to occur in the panel zone in order to lessen the ductility demand on the beams and the connecting elements.
As a result of this investigation, hysteretic models for composite beams and composite joint panel zones have been developed and implemented in the available dynamic analysis computer programs, the details of which are presented elsewhere (Lee, 1987 , Lu, et al. 1988 ).
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